Introduction {#S0001}
============

Glaucoma is the leading cause worldwide of irreversible blindness. In 2010, the projected global prevalence of primary open-angle glaucoma (POAG) and primary angle-closure glaucoma (PACG) was 60.5 million among persons aged 40+ years[@CIT0001] and 64.3 million among similar-aged persons in 2013.[@CIT0002] The former represents 2.65% of the global population over the age of 40 years in 2010.[@CIT0003] As the prevalence of glaucoma is known to be age-related, it is increasing in most parts of the world due to population aging.[@CIT0003] Remarkably, a large proportion of glaucoma cases worldwide remain undiagnosed or sub-optimally managed.[@CIT0004]--[@CIT0010] This is particularly the case in many developing countries; the reasons for this are multi-factorial.

The prevalence and incidence of glaucoma in developing countries has been particularly difficult to estimate because of the scarcity of data. Broad 2010 data report the highest prevalence of POAG and ACG combined in Africa at 4.32% followed by Latin America (LATAM) at 3.35%.[@CIT0001] China, India and Southeast Asia had prevalence percentages between 2.38% and 2.66%.[@CIT0001] The LALES study[@CIT0004] in the United States evaluated Latin American subjects, specifically from Central America, but extrapolating results to the actual reality of LATAM countries should be done carefully. LALES reported a prevalence of open-angle glaucoma in subjects of Latino descent of 4.74%, increasing with age to 22% in subjects over age 80 years versus those between 40 and 49 years.[@CIT0004] That study also found that of those subjects diagnosed as having glaucoma, approximately three-quarters were unaware they had the disease.[@CIT0004] A 2013 publication reported an overall prevalence of 3.4% in a sample of subjects aged over 40 years in a population-based study conducted in south Brazil, although this is unlikely to be an accurate representation of the whole country.[@CIT0005] A recent national survey conducted in Algeria reported the prevalence of glaucoma in that country at 4.6%, approximately 380,000 to 450,000 cases at country level (Algerian Ministry of Health, 2008). Despite the limited data, a trend of higher prevalence of glaucoma can be observed particularly in Africa and LATAM,[@CIT0001],[@CIT0005] which is aligned with the well-studied African and Hispanic ancestry risk factor for glaucoma.[@CIT0003],[@CIT0004],[@CIT0006] This, combined with the high under-diagnosis rate of glaucoma,[@CIT0004] underscores a need to conduct further studies to even begin to understand the scale of this disease and its associated burden in developing countries to ensure adequate funding and strategies to improve glaucoma care.

Glaucoma prevention and treatment has been a major focus of international directives including the WHO Vision 2020 campaign.[@CIT0011] While this initiative has seen a decrease in worldwide blindness, most of the improvement has been due to increased use of cataract surgery, particularly in the developing world.[@CIT0011] It has not been from medical and pharmacologic interventions intended to treat elevated intraocular pressure (IOP) or prevent onset (or slow progression) of glaucoma symptoms or for that matter access to glaucoma care services.[@CIT0011]

International bodies such as WHO and the World Bank have noted that in many emerging markets, populations are growing faster than those in the developed world.[@CIT0011],[@CIT0012] Moreover -- and this is particularly relevant for medical conditions with an age-related component such as glaucoma -- populations in many emerging markets are aging in a similar fashion as developed markets as a consequence of improvements in life expectancy.[@CIT0014] This poses a variety of challenges as well as opportunities for developing countries. The challenge, of course, is to find effective ways of balancing cost and affordability against access to care. The opportunity also is clear: to the extent that innovative treatments -- many of which are expensive on a per-unit basis -- have faced access barriers to date in many developing nations, evidence of the value of innovative treatment may afford avenues for improved patient outcomes in these markets.

With worldwide prevalence of glaucoma steadily rising along with the attendant burdens imposed by the disease, most countries -- especially developing nations -- remain distant from achieving the WHO Vision mission "to eliminate avoidable blindness by the year 2020",[@CIT0011] a part of the Millennium Development Goals initiated by the commitment of world leaders to "build a more equitable, prosperous and safer world."[@CIT0015] It therefore appears timely to consider how the management of glaucoma and one of its major complicating conditions -- ocular surface disorder (OSD) -- can be enhanced through increased use of innovative treatments and disease management initiatives. At the same time, understanding better the potential value proposition for increased uptake of innovative glaucoma treatments in developing countries will provide useful information to policymakers in these markets who must constantly balance cost--benefit considerations to address the healthcare needs of their constituent populations. There may also be other opportunities that remain underexplored, including reforming healthcare systems and leveraging technology to provide patients with access to glaucoma care.

Objectives And Methods {#S0002}
======================

The objectives of this article are to (1) highlight what is known about the clinical, economic, and humanistic burden of glaucoma in general and as it pertains to developing world markets; (2) delineate some key considerations in the management of glaucoma in these markets; and (3) offer suggestions on how we can improve current healthcare systems and leverage technology for glaucoma management and strike an appropriate balance between cost and quality of care in developing world where access to quality care often is heavily influenced by financial considerations. In doing so, the intention is not only to bring into perspective the glaucoma care situation in developing countries but also to offer considerations to payors and policymakers in these countries that may result in longer-term cost savings, while concurrently closing the gap to achieving the WHO Vision on the prevention of blindness and visual impairment.[@CIT0011]

A targeted (non-systematic) review of MEDLINE-indexed literature was conducted to identify pertinent literature using PubMed and the following search terms: \<glaucoma\>, \<management\>, \<developing\>, \<emerging\>, \<cost\>, \<burden\>, \<ocular surface disease\>, \<generics\>, and \<cost-effectiveness\>. This targeted search was supplemented by a search using the Google search engine and employing the same keywords. Relevant publications identified through these searches were evaluated by two reviewers prior to inclusion.

The Clinical, Economic, And Humanistic Burdens Of Glaucoma {#S0002-S2001}
----------------------------------------------------------

### Clinical Burden {#S0002-S2001-S3001}

The clinical burden of glaucoma in developed countries has been well described in the literature,[@CIT0003] but, until recently, scant attention was paid to the burden of disease in the developing world. Persons with glaucoma who live in these countries are at a particular disadvantage -- studies have shown that they have a higher risk of progressing to blindness and present to the clinic with more advanced disease on average than same-aged persons with glaucoma in developed countries.[@CIT0006],[@CIT0013] It also has been noted that age-adjusted incidence of glaucoma (and glaucoma-related blindness) may be higher in developing countries for reasons not entirely clear.[@CIT0006],[@CIT0013]

Exactly why persons with glaucoma in developing countries appear to be at increased risk of progressing to blindness remains a highly debated topic. The progression of vision loss with passage of time is personalized and a variety of factors may come into play. In the early stage of disease, increased IOP -- if poorly controlled -- leads to variable progression of vision loss with attendant decrements in health-related quality of life, greater accident risk, and reduced experience of activities of daily living, such as ability to walk, read, or drive an automobile.[@CIT0003],[@CIT0016]--[@CIT0018]

### Economic Burden {#S0002-S2001-S3002}

The direct medical and non-medical costs of glaucoma are known to be meaningful[@CIT0003] from a global and developed-country standpoint. The magnitude of these costs in the developing world and emerging markets has been poorly documented to date. Calculations based on data from the 1990s and 2000s suggest that per-patient direct costs (adjusted to reflect 2017 prices) range from approximately AUD500 (approximately USD346) in Australia to more than USD1800 in the USA.[@CIT0003],[@CIT0019],[@CIT0020] One would not anticipate per-patient costs in developing world markets to be as high as in the USA after adjusting for cross-market differences in relative prices. A recent prospective study conducted in Mexico City suggests that direct medical costs of glaucoma treatment are in the range of USD450--550 annually following adjustments to reflect 2017 prices, irrespective of patient income and disease severity.[@CIT0021] This appears to be similar even in a country like Nigeria where the direct cost of antiglaucoma medication was estimated at USD480 annually.[@CIT0022] As glaucoma prevalence increases with population growth and aging, however, total direct costs of glaucoma will tend to increase more than proportionately in nominal terms due to the additive effects of price inflation.

The financial burden of glaucoma tends to increase as disease severity increases.[@CIT0003],[@CIT0020],[@CIT0021] Late-stage disease is associated with higher indirect costs (eg, work loss, family/home help and rehabilitation costs) that become the predominant driver of overall costs.[@CIT0023],[@CIT0024] In Europe, the average annual direct medical cost of glaucoma-related blindness has been estimated to be €429--€523 per patient while annual total costs, including the indirect cost components noted above, were estimated to be between €11,758 and €19,111.[@CIT0023] In 2005, the annual direct medical costs of individuals with late-stage glaucoma averaged €830 per patient across France, Denmark, Germany, and the United Kingdom.[@CIT0024] In contrast, the largest contributor to total annual maintenance costs was assistance in the home, a form of indirect cost, which was estimated to range from €633 in Germany to €4878 in France.

The indirect cost of late-stage glaucoma in developing countries remains unclear. A Nigerian study indicates that the indirect medical cost of glaucoma which includes medical tests, transportation and care by patient escorts averaged at USD1264.80 per annum -- disease stage was not specified.[@CIT0022] Nevertheless, the cost of treatment/hospitalization cost because of accidents arising from vision loss and work loss (indirect cost impacts that are independent of socioeconomic status) should not be underestimated. In Nigeria, Rivers State -- a region with fewer cases of glaucoma-related blindness in the country -- the estimated additional direct and indirect cost to the economy was USD3,064,587 per annum from patients already blind.[@CIT0022]

### Humanistic Burden {#S0002-S2001-S3003}

As noted previously, glaucoma adversely affects patients' health-related quality of life (HRQoL) in multiple ways.[@CIT0003] Psychological burden increases as vision decreases, along with a growing fear of blindness, anxiety, and depression.[@CIT0025]--[@CIT0027] On a quality of life scale from 0 to 1, where 0 represents death and 1 represents perfect health, a mean utility value of 0.64 was reported in an Indian population with glaucoma, much lower than the scores reported in similar studies in Americans with glaucoma, and even lower than those reported in a study conducted in Brazil (0.82--0.93).[@CIT0028]--[@CIT0030] This suggests that patients in developing countries may feel a stronger impact on their quality of life when they suffer from glaucoma.

Access To Eye Care Medical Facilities {#S0002-S2002}
-------------------------------------

A Brazilian publication flagged delays in glaucoma diagnosis as a challenge in developing countries,[@CIT0005] and this is more so in these resource-challenged nations (diagnosis rate of POAG: 8%) than in developed countries (diagnosis rate of POAG: 34%).[@CIT0001] The resultant impact is evident as highlighted by a Nigerian survey reporting that most of their patients have moderate or severe disease at presentation.[@CIT0031] This observation is not unique to Nigeria -- visual impairment has been reported to be more prevalent and severe in developing countries,[@CIT0032] and this has a cascade impact on things such as productivity and care cost.[@CIT0022] Diagnosis and even monitoring can be a more complicated issue in developing nations due to limited access to eye care medical facilities; reasons include (but are not limited to) distance or travel cost to an adequate eye care facility or cost of treatment.[@CIT0005],[@CIT0021],[@CIT0022],[@CIT0031]

It is therefore logical that early detection and optimal management of glaucoma is a means to prevent blindness and reduce clinical, economic and humanistic burdens related to this disease in developing countries. To do this, improving patient access to good quality eye care facilities is a critical step and this will require close partnership of key stakeholders including payors, policymakers, clinicians and allied healthcare professionals.

### Integrating Primary Care And Technology In Eye Care {#S0002-S2002-S3001}

#### Primary Care {#S0002-S2002-S3001-S4001}

Primary care physicians are well positioned to play a role in the prevention and management of glaucoma including screening, patient education and treatment of non-complex diseases.[@CIT0033] Their relationship with their patients allows basic monitoring and quick referrals to the eye specialists as needed.[@CIT0033],[@CIT0034] They also have the potential to influence patient behavior such as treatment compliance.[@CIT0033]

A primary healthcare approach to address access issues with eye care has been recommended by the WHO in 1984.[@CIT0034] Nevertheless, a review of the literature suggests that the integration of primary care into glaucoma management in developing countries appears relatively far from it. The key barriers observed include the lack of knowledge on the diagnosis and management of glaucoma, or of the disease itself; a fragile, fragmented and/or under-resourced healthcare system; and availability of eye care services.[@CIT0005],[@CIT0034]--[@CIT0038]

Education of primary care physicians and allied health workers appears to be an important step in their integration to glaucoma care. The effectiveness of cascade training by tertiary Centres of Excellence/specialists has been well supported in India and the sub-Saharan Africa in general ophthalmology and other fields, respectively -- it is important to maintain this to ensure quality care.[@CIT0034],[@CIT0035] To ensure functional and sustainable integration, it is also critical to select tasks that can be most appropriately managed in a primary care setting and to have competent and reasonably well-equipped glaucoma specialists/eye care centres to receive referrals.[@CIT0034],[@CIT0035] Task sharing by enabling a general healthcare personnel with the appropriate skills and training also can help to ease the workload in an under-resourced environment, such as the "Vision Guardians" -- trained local volunteers from villages in India who supported with activities like patient education and organization of community screening programmes.[@CIT0034],[@CIT0035]

#### Telemedicine {#S0002-S2002-S3001-S4002}

With the increasing use of mobile devices and advancements in technology, telemedicine has started to gain traction in recent years.[@CIT0038] Tele-glaucoma is an approach to disease management that could bring enhanced patient access to glaucoma screening, detection and follow-up care by utilizing technology.[@CIT0038]--[@CIT0040] This may be pertinent to developing countries as technology can potentially reduce the cost of healthcare and perhaps support the achievement of the wider goal of reducing the burden arising from high numbers of patients with late-stage glaucoma.

There are two main tele-glaucoma modalities.[@CIT0039] The first is the "*store and forward*" telemedicine where relevant diagnostic data are collected from the patients by the screening team (eg, trained technicians) and sent via encrypted internet connection to a clinician or specialist located remotely from the testing site for analysis.[@CIT0039] The other model is via telepresence, where diagnostic data are collected in a similar manner, but a specialist provides live/real-time consultations via an online platform.[@CIT0039]

There has been an increase in development in the field of tele-glaucoma with the recording of IOP via home devices or a temporary sensor on the eye that connects to smartphones, or the use of smartphones to photograph images of the retina which potentially removes the need to put in place more expensive machines for such diagnostic tests in satellite clinics in the primary care setting.[@CIT0038],[@CIT0040] A review of 45 studies on tele-glaucoma indicates that it offers early detection of glaucoma, reduction in waiting and travel times, increased referral rates and ultimately cost savings which benefit both patients and the healthcare system.[@CIT0041]

#### Case Study: India {#S0002-S2002-S3001-S4003}

Telemedicine has been identified as a critical piece to support the healthcare system in India.[@CIT0042] The mobile-Health services (m-Health) is a system owned by the Indian government.[@CIT0042] It provides 24-hr service at less than \$1 per consultation.[@CIT0042] A paramedical staff equipped with laptops, high-speed wireless connection, and medical diagnostic equipment consult with physicians using video conferencing and provide guidance to mobile users.[@CIT0042] Important success factors for m-Health include the level of wireless data technology adoption in India, robust devices and service ecosystems and the partnership of telecom ecosystem contributors.[@CIT0042] While this system appears more appropriate for basic medical guidance, it underscores the possibilities of using technology in glaucoma management in a developing country.[@CIT0042]

### Do Current Healthcare Systems Need Reform? {#S0002-S2002-S3002}

The importance of having a strong healthcare system as a foundation for thriving initiatives was highlighted by a quote from His Highness the Aga Khan in Mozambique in 2010 that "an enabling environment is a setting where additional development initiatives can take root and thrive."[@CIT0043] Primary care integration and telemedicine can only take root and thrive with a strong and well-set-up healthcare system. Damji underscores several critical elements to create an enabling environment, such as good quality leadership and governance, and an optimal teaching and learning environment which was previously discussed.[@CIT0043] Of interest was the discussion on the role of healthcare systems where the critical need to structure the system for long-term success was highlighted amongst other things.[@CIT0043] This brings to question if current healthcare systems in developing countries are well set-up to prevent blindness or disease progression from glaucoma. The continuously increasing burdens of glaucoma suggest room for improvement. Perhaps, the customization of successful healthcare systems in eye care may be considered.

#### Case Study: India {#S0002-S2002-S3002-S4001}

The LV Prasad Eye Institute (LVPEI) of India's five-tier pyramidal model of eye care delivery is an excellent example of a high-quality, comprehensive system that is equitable and sustainable with an aim to fulfil the WHO Vision 2020.[@CIT0035] It encompasses all levels of care from primary to advanced tertiary and services are interlinked. [Figure 1](#F0001){ref-type="fig"} illustrates the structure and accompanying services of the model. The system covers health promotion, prevention, treatment, and rehabilitation.[@CIT0035] The critical aspect of this model is the commitment that everyone received the care they require irrespective of complexity and cost.[@CIT0035] The big question thus lies in sustainability particularly in finance and human resource. [Table 1](#T0001){ref-type="table"} shows the points that make this system sustainable.Table 1Financial and human resource sustainability of the LVPEI model[@CIT0035]FinancialHuman resourceAll operating expenses covered by revenues from patient care, competitive grants and fees from education programsCross-subsidization for patients who receive care at no cost (\>50% patients)Income of grants, philanthropy, royalties and income from pharmacy and optical business to cover capital expenses and new projectsNo bank loans or overdrafts pending paymentSystematic approach of: Training (robust education and training program)RecruitmentCareer advancementFair compensation Figure 1LV Prasad Eye Institute's model of eye care delivery.

It is clear that there is still a journey for many developing countries to optimize their glaucoma care, starting from the integration of primary care to reforming the healthcare system. Further, it is pertinent for stakeholders and decision-makers to understand that some level of financial investment will be needed to ensure appropriate infrastructure, equipment, equipment maintenance, supplies and/or technology to maintain quality of care for any new initiative.[@CIT0034] There are numerous considerations and variations in healthcare systems between countries. Nevertheless, the implementation of any or a combination of the discussed approaches customized to individual countries may ultimately result in a cost-effective solution with a positive impact on the economic burden in the long term.

Optimizing Glaucoma Management {#S0002-S2003}
------------------------------

Ensuring that patients receive the optimal management for their disease without increasing the indirect costs is also a critical consideration. In countries such as Africa, patients are sometimes offered surgery as a first line of treatment before eye drops due to the cost of glaucoma drugs and low compliance with medication.[@CIT0044] However, post-surgical follow-ups and post-surgical complications can result in more indirect costs.[@CIT0004] It is therefore important to look at how glaucoma management administered through eye drops can be optimized.

There is a paucity of publications focused on developing countries exploring the optimization of glaucoma management through eye drops such as glaucoma treatment--related OSD and addressing it or any adverse effects that arise due to poor quality control of medications. Nevertheless, such issues faced by patients are generic regardless of socioeconomic status when they use antiglaucoma medications. Therefore, it is still relevant to look at the following areas using published information from developed countries but putting it into context for developing nations.

OSD And Its Management In Glaucoma Patients {#S0002-S2004}
-------------------------------------------

The prevalence of OSD varies depending on the test used for evaluation and has been reported to range between 22% and 78% of patients with medically treated glaucoma as compared with approximately 15% of the general population aged 65 years and older in western populations.[@CIT0046],[@CIT0047] The incidence and prevalence of OSD, much like that of glaucoma, is poorly delineated from a population standpoint in the developing world. Nevertheless, studies from Brazil[@CIT0047] and Thailand[@CIT0048] on patients with glaucoma show a prevalence of approximately 38% to 73% using various measures of OSD -- a pattern similar to that in western populations (developed countries). Studies have shown that the prevalence increases with increasing number of eye drops per day or antiglaucoma medications, the latter reported in Thailand[@CIT0048] and Germany,[@CIT0049] respectively, further highlighting that the issues of OSD faced once patients receive antiglaucoma medications are not subjected to economic development. However, it may be suggested that the prevalence of OSD in developing countries could be higher due to the lack of access to glaucoma medications and eye care facilities in general.[@CIT0005],[@CIT0021],[@CIT0022],[@CIT0031] As such, the observation in the United States that most glaucoma patients with moderate-to-severe OSD were not diagnosed and did not receive treatment for their disease despite being in a developed country[@CIT0050] is notable and suggests that OSD in glaucoma patients tends to be under-recognized and under-diagnosed potentially due to clinical focus on IOP management and evidence of glaucoma progression. Short-term use of topical glaucoma medications -- even in healthy persons -- has been shown to be associated with changes in ocular surface such as reduced corneal sensitivity, tear film stability, and basal secretion.[@CIT0051] Evidence further suggests that prolonged use of many topical glaucoma medications leads to further incremental deterioration of the ocular surface in patients with established OSD.[@CIT0052]

Compounding the issue of OSD in many glaucoma patients is the occurrence of dry eye disease (DED). Many commonly used medications, including several that are known to be secreted into the tear film, contribute to DED.[@CIT0053] The co-incidence of DED with OSD is known to exacerbate OSD symptoms and complicate its management.[@CIT0053] It is important, therefore, to recognize that the severity of OSD symptoms can have a potentially important iatrogenic component and that appropriate glaucoma management involves consideration of factors such as DED that may further complicate the clinical picture.

Studies conducted over the last 25 years have noted an increased incidence of OSD and ocular surface changes among persons living or working in metropolitan areas with elevated levels of airborne environmental pollutants (including traffic-dense areas) or in poorly ventilated buildings.[@CIT0054]--[@CIT0057] Whether this, taken together with the well-documented elevated levels of airborne pollutants in many metropolitan areas within developing nations,[@CIT0056] contributes to increased incidence and greater severity of OSD in these areas is not entirely clear and certainly worthy of further investigation.

The development of OSD in glaucoma patients has been shown to have an additive negative impact on HRQoL apart from that of the underlying glaucoma or its progression.[@CIT0058],[@CIT0059] Risk of developing OSD is known to increase from exposure to benzalkonium chloride (BAK) and other preservatives used in the formulation of many topical glaucoma treatments.[@CIT0058] Using OSD Index for measuring symptoms of dry eye, 59% of patients using drugs containing preservatives reported symptoms in at least 1 eye, with severe symptoms reported by 27%; Schirmer testing showed 61% of patients with decrease in tear production in at least one eye and severe tear deficiency in 35% of patients.[@CIT0045] In a study, after adjustment for age and sex, each additional BAK-containing eye drop was associated with an approximately two-times increased odds of showing abnormal results, and the prevalence of signs and symptoms was dose-dependent, increasing with the number of preserved eye drops.[@CIT0045] BAK-containing eye drops were also shown to be associated with increased levels of proinflammatory and proapoptotic effects on conjunctival cells versus non-preserved medications.[@CIT0060]

As in all pharmacologic management of chronic disease, the need to weigh risks of drug exposure against the benefits of treatment is necessary. In the minds of some clinicians, the benefits of IOP reduction and the potential slowing of glaucoma progression justify the use of drugs that are known to increase the risk of ocular surface complications or to worsen established OSD pathology. Others may be more concerned with managing the risks and, as such, may be willing to trade off some measure of efficacy in favor of fewer treatment-related adverse events. In this regard, it is important to note that pharmacologic treatment of OSD can further complicate glaucoma management. For example, while the use of calcineurin phosphate inhibitors to treat symptoms of OSD and reverse tear film breakup is common in the developed world, it is far less so in developing countries due to cost factors. In several regions of the world, preservative-containing steroid drops continue to be employed frequently. While ocular steroids are invaluable in the treatment of conditions such as anterior uveitis as a means of suppressing inflammation and immunoresponse, the role of steroid drops in deregulating IOP -- which may worsen the underlying glaucoma and defeat the intended effects of treatment -- has been noted on multiple occasions.[@CIT0061] A variety of visual disturbances ranging from blurred vision to haloing and tunnel vision have been noted with steroid-induced glaucoma.[@CIT0061]

The need to manage OSD adds further to the already meaningful economic burden of glaucoma. There may be considerable savings from avoidance or prevention of OSD and related symptoms in the developing world and emerging markets, particularly when one also considers the possible exacerbating effect of exposure to environmental toxins and pollutants which already may place patients at increased risk of OSD. There is also some evidence that better control of IOP can be achieved in patients with poorly controlled glaucoma and severe OSD when appropriate and efficient treatment of the OSD is undertaken.[@CIT0060] Of note, treatment options are available that can significantly reduce OSD-related symptoms and even prevent the onset of ocular surface impairment without compromising IOP reduction.

### Generics In The Treatment Of Glaucoma {#S0002-S2004-S3001}

There is no question that the spike in the availability of generic formulations of many drugs used in the management of glaucoma has improved access to care worldwide due to greater affordability. What often is under-appreciated, however, is that expanded use of drugs in general -- and of generics in particular -- carries risks as well as benefits. Drugs are not benign, and even in the best of circumstances, side effects and treatment-related adverse events are possible. If the deleterious effects are severe enough to require treatment, that treatment comes with incremental cost and its own risks. Those who consider only the cost of medication in assessing affordability and its implication for access to care run the risk of ignoring the burdens created by side effects, inappropriate use, and other factors.

This is particularly relevant in any discussion of pharmacologic management of glaucoma, as the prevalence of use of generic medications has skyrocketed in recent years due to many patent expirations. Many factors affect the efficacy of a topical glaucoma medication apart from the ingredients inside the container.[@CIT0063] Among these are: Bottle material, shape, and sizeDrop size (which can affect dosing and patient adherence)Exposure to heatChanges in containers due to multi-sourcing of generic medications

The ingredients of many branded medications are matched to the bottle material being used as a means of ensuring stability, reducing the risk of agglomeration or adhesion of active ingredient to the container, and the like.[@CIT0063]--[@CIT0065] Bottle shape and size can present issues as well, particularly to the extent that this is unregulated in most markets worldwide.[@CIT0063]--[@CIT0065] When a generic is prescribed, a patient may receive his/her medication in a different-shaped bottle with each refill prescription and thus may face ease-of-use issues in administering the drug.[@CIT0063]--[@CIT0065] Concerns over ease of use may be even greater in elderly than in non-elderly patients because of potential limitations in dexterity.[@CIT0063],[@CIT0064]

Drop size coming out of the container is an obvious potential hazard because of the attendant risk of under- or over-dosing. In the USA, for example, branded formulations of many glaucoma medications deliver a drop size ranging from 30 to 50 μL.[@CIT0063] But in markets where containers are poorly regulated, the drop size can vary based on differences in the container's tip.[@CIT0063]--[@CIT0065] It was reported that a new generic formulation of timolol required patients to pierce the tip to create a hole.[@CIT0063] Some patients did not understand the need to do this and thought they were administering drugs but were not.[@CIT0063] Moreover, the need for patients to pierce the tip themselves raised the possibility of contamination of contents as well as variability in the size of opening created.[@CIT0063]--[@CIT0065] Aside from the concerns noted above and how they may adversely affect drug effectiveness and safety, variations in drop size obviously also affect the rate at which medication is consumed and thus may have unintended cost consequences.

Quality control among manufacturers of generic medications also has been a major concern and has been widely reported in the world press. Problems ranging from variations in active ingredient content versus label to impurities found in the drugs, imperfect ingredient matching, and fraudulent formulations have been reported.[@CIT0063]--[@CIT0065] The excipients used in formulating generic drugs differ from those employed in the manufacture of the branded counterparts and this can affect bioavailability and potentially safety.[@CIT0061]--[@CIT0063]

These issues and others with generic formulations may lead to unintended adverse consequences.[@CIT0065] Unlike for generic formulations of drugs in most therapeutic areas, regulatory bodies do not require clinical studies demonstrating bioequivalence or comparable pharmacokinetic profile to branded products to support approval or marketing authorization of generic ophthalmologics.[@CIT0065] Even in markets such as the USA, where Good Manufacturing Practice (GMP) standards apply to marketed generic drugs, issues can occur. A case report from the USA described a glaucoma patient who experienced a 10-point increase in IOP following a switch from a branded formulation to the generic equivalent.[@CIT0066] Once the patient was switched back to the branded formulation, the IOP reverted to the baseline level.[@CIT0066]

Uncertainty regarding the consistency of quality, efficacy, and safety of generic ophthalmologics should compel policymakers -- particularly in extremely cost-conscious developing countries -- to consider more carefully the risk versus benefits of generics use. In a study in India conducted by Banga and colleagues,[@CIT0067] of 245 bottles evaluated, only 86 (35.1%) had the correct amount of the drug; seven bottles (2.86%) were overfilled and the remaining 152 bottles (62.04%) were underfilled. The drop size of all bottles varied from 29.4 to 67.47 μL.[@CIT0067] What are the implications of such variation to the patients prescribed these medications? A drug that is cheaper than another may not be cheaper in the long run if its use leads to comparatively more complications, loss of efficacy, or safety issues requiring medical intervention and treatment. In the ideal, a better understanding of these issues will spur more cogent thinking about the full cost implications of using generics in place of branded products, even while keeping in mind the need to balance affordability with access.

### Strategies For Improving Quality Of Glaucoma Care At An Affordable Cost {#S0002-S2004-S3002}

There is a plethora of agents, both branded and generic, available for the clinician's use in managing glaucoma and associated complications such as OSD. And, as discussed previously in this paper, innovative strategies such as teleglaucoma management are becoming more widely available. These agents and modalities vary considerably in their ingredient cost, safety profiles, efficacy, accessibility, and ease of use. In any individual case, there will be considerations regarding indication or contraindication for one drug versus another. Nonetheless, the reality for many patients with glaucoma -- particularly those on the more severe end of the spectrum where the risk of progression to major visual impairment or blindness is significant -- is that multiple pharmacologic agents are required to achieve acceptable disease management. Anytime polypharmacy is required to manage a disease, this should raise concerns over potential drug--drug interaction, cumulative safety considerations, and the like. Indeed, in the treatment of glaucoma, the use of multiple agents containing BAK or similar preservatives has been shown to contribute to cumulative ocular surface changes, cumulative risk of OSD, and increased OSD severity.[@CIT0058]

Cost-effective treatment of any medical condition requires a careful balance between efficacy, safety, patient tolerability/acceptability and adherence, quality of life considerations, and net system cost.[@CIT0068] Many newer therapies offer one or more of these clinical and humanistic benefits -- but can these benefits be achieved at a reasonable cost? In the case of glaucoma, the current opinion suggests that the treatment goal should be to improve efficacy and tolerability with (1) fewer systemic side effects; (2) less dosing complexity; and (3) fewer daily drops to drive patient compliance -- all at a reasonable cost.[@CIT0068]

Taking these various factors into consideration individually, there is little doubt as to what would constitute an appropriate goal for treatment efficacy: the goal should be significant, sustained IOP reduction.[@CIT0068] In terms of safety and tolerability, the goal is also fairly clear: avoidance of ocular surface complications and adverse visual changes, which have been shown to have a significant negative impact on quality of life, tolerability, and patient compliance.[@CIT0068],[@CIT0069] The issue of dosing complexity is a very real concern that is often given scant attention even in the developed world. As noted earlier, polypharmacy can lead to clinical complications, but it also creates a disease management conundrum -- especially in glaucoma patients due to the age-related prevalence of the disease. Finding ways to reduce the drug administration burden for glaucoma patients is key to driving improvements in compliance and adherence to prescribed therapy.[@CIT0068]--[@CIT0070] Associated with this is a reduction in the total number of drops a patient may require in managing his/her condition -- also critical to driving compliance and adherence.[@CIT0068] But this is not always a straightforward exercise. For example, in some developing markets, it has been noted that pharmacies often produce combinations of individually marketed generic medications through compounding, as a means of reducing the administration burden on the patient. While this sounds interesting in theory, it should be noted that any compounded combination created is only as efficacious and safe as the individual ingredients employed. The same caution and concerns should be applied, therefore, to compounded generics as to the individual ingredients themselves.

In recent years, several manufacturers have introduced new agents that not only offer additive clinical efficacy but are formulated without preservatives, thus mitigating risks associated with ocular surface changes. Some of these, such as prostaglandin analogues, represented entirely new classes of drugs with a different mechanism of action from existing treatment options. Some prostaglandin analogues, such as tafluprost, were introduced *de novo* with preservative-free formulation. More recently, some manufacturers have introduced preservative-free formulations of drugs that have been available for many years, such as latanoprost. Removal of preservatives from glaucoma drugs offers clear benefit associated with reduction of risk (and therefore cost associated with treatment) of ocular surface changes and OSD, both of which also are implicated as contributors to decrements in quality of life in a substantial portion of the population of patients with glaucoma.

As one example, the fixed-dose combination of dorzolamide and timolol, historically marketed in a BAK-containing formulation, has been reformulated without preservatives[@CIT0071] by two manufacturers and is in the process of being introduced in selected markets worldwide. Evidence gleaned from both clinical trials and real-world studies long has suggested that this fixed-dose combination offers important clinical benefits which compare favorably to other treatment options in terms of sustained IOP reduction, long-term IOP control, and patient tolerability.[@CIT0071]--[@CIT0087] Future availability of preservative-free formulations in developing world may offer important advantages that weigh favorably in the cost/benefit and cost/effectiveness calculus.

Even within existing drug classes, there are clear options for optimizing the balance between efficacy, safety, tolerability, potential quality concerns, impact on patient quality of life, and cost. Among prostaglandin analogues, for example, tafluprost provides efficacy in IOP lowering in various settings, with improvements in OSD symptoms and patient satisfaction when compared with latanoprost.[@CIT0088]--[@CIT0098] Travoprost and tafluprost monotherapies were suggested to be cost-effective relative to latanoprost alone.[@CIT0099],[@CIT0100] However, such drug--drug cost-effectiveness or budget impact studies are limited in developing countries. Moreover, indirect costs should also be considered to understand the true impact of a management strategy. The disparity between healthcare reimbursement systems between countries underscores the urgent need to conduct such analyses tailored to each country to better inform payors and policymakers.

Conclusion {#S0005}
==========

Striking the appropriate balance among often conflicting goals and objectives is never easy or straightforward. The challenge exists in all markets, but of course with more resources available to devote to healthcare spending, the developed world has a somewhat easier task in addressing these needs as compared with the developing countries. In recent years, the WHO has promoted the use of community health workers as part of interdisciplinary health teams in an attempt to enhance access to affordable healthcare in resource-challenged countries.[@CIT0101] Such programmes offer real potential to expand access to glaucoma screening and treatment, but shortages of qualified workers, amongst others, have posed issues in the implementation of such programmes in many regions that could benefit from them. The potential use of telemedicine, though underexplored in developing countries, could potentially help to address some of the issues that were highlighted in this article.

Adding to the complexity in many developing markets is population growth, which can introduce another dimension to the problem in developing markets -- for example, how much do governments and society spend on diseases of the elderly, such as glaucoma, versus, say, broad immunization schemes to prevent common diseases of childhood, or universal screening for common disorders. In Brazil, the government has screening programmes for the detection of systemic hypertension and diabetes (as two examples) and may offer free medication to those who screen positive.[@CIT0005] Such government programmes should be considered for glaucoma screening despite cost, access, and disease-related challenges in the screening of this disease. This will allow for early diagnosis and management before the progression to late-stage disease, the latter of which comes with the significant overall cost to the country's economy.[@CIT0022]

The above challenges reinforce the imperative of seeking efficiency in treatment -- gaining the maximum clinical benefit possible when treating a given disease for the expenditures required -- what appears to be more achievable in the near future. As this article has endeavored to illustrate, the naïve perspective focused solely on drug or intervention cost is insufficient to achieve the appropriate balance between clinical, economic, and humanistic objectives. Net system cost always should be considered if the true goal is to enhance cost-efficiency in glaucoma care -- or any healthcare -- delivery. Fortunately, there appear to be options in the management of glaucoma that offer a real potential for achieving a better balance of these important objectives.
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